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(§) Microscope. 

® Tlie microscope comprises a plurality of objec- 
tive lenses sustained by a rotary revolver (3) and 
switchable from one to another, a niemory circuit: 
for storing parfpcailty data for the Individual objective 
lenses, and cprr^ctihg means (2, 5. 7, i) for correct 
^?!9;:|rnag|rig:co 

date for an objective lens currently used and another 
; . . objective lens to be selected for microscopy. 

microscope is capable of always providing favorably 

focused conditions eyeii V\^i^ the r^vdlv^r 0): :|s. 

rotated and the objebtlve ilen^s; aTe iswlt^^^ 
gprie tp ahpther for changing: bbsen/atioh^^^^ 
/^tioh -levels. 
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MICROSCOPE 



The present invention relates to a microscope 
which is equipped with switchable objective ienses. 

Microscopes which permit observing magnified 
images of fine samples and recording such images 
with photographing cameras, video cameras, » etc, 
are widely utilized for studies and Inspections In 
the industrial, biological and other fields of applica- 
tion. The microscopes which are utilized in these 
fields are generally equipped with a plural number 
of objective lenses having magnification levels dif- 
ferent from one another and attached to a rotary 
revolver, which Is rotated electrically or manually 
for switching the objective ienses to be set in an 
observation optical system. However, it is ordinarily 
impossible to observe a sample in optimum con- 
ditions through the individual objective lenses with- 
out changing illuminated condition of the sample 
along with the switching of the objective lenses. 
Further, the conventional microscopes have a com- 
mon defect that said microscopes require bringing 
a sample to be observed into focus each time the 
objective lenses are switched from one to another, 
thereby obliging microscopists to consume a long- 
er time for pperaLtion. of the microscopeis than that 
usable for the studies and inspections that thiey 
desire. 

In order to correct this defect, U.S. Patent No. 
4,661.162. European Patent No. 124,241 and DE 
3,707,484 proposed microscopes having improved 
operabliity wherein illumination optical systems are 
automatically exchariged so as to establish an opti- 
murii. iflunriination condition along with switching of 
the objective lenses and samples are brought into 
focus with automatic focusing mechanisms. 

ri^ the above-mentioned conventional 

micrpsp^ 

, pies are ; rnore or less defocused by the switching 
operation: of the objective lenses due to manufac- ; 
turirig variations or dimensional errors of cpnripo- 
hent parts and said microscopes require refocusing 

<X;of-i^iT)ples^ ■ 

^ • in view of the probiems described abov^ 
: : prirpary objecft of the present invention to provide a 
micrbscppe which is capable of always establishing 
fayqrialily f peused cdnditipn. ■ even after objective . 
: lensjbs - ■ 4^ to a reypjjyer iu:e -switched j \ from 
•oiie tp ai^^ levels: for. : 

pisseryatlbh and therefore 
refbcusihg. 

AcGording to < the present Invention, this o ; 
is attained by equipping a microscope having a 
plural number of objectiye lenses to . be switched 
from one to another for microscopy with a memory 
means for storing focusing, data for the individual 
^oiajeetive lenses and a cdrrectfn^ nrieans for cor- 



recting imaging condition on the basis of the par- 
focallty data for the objective lens currently used 
and the objective lens to be selected for micro- 
scopy, thereby correcting defocused condition 
5 automatically upon switching of the objective len- 
ses. 

This and other objects as well as the features 
and advantages of the present invention will be- 
come apparent from the following detailed descrlp- 
70 tion of the preferred embodiments when taken in 
conjunction with the accompanying drawings. 

Rg. 1 is a block diagram Illustrating an Em- 
bodiment 1 of the microscope according to the 
present invention; 
76 Rg. 2 is a plan view illustrating an example 

of input means: 

Rg. 3 IS a plan view descriptive of an exam- 
ple of coupled condition between a rotary revolver 
and a revolver position detecting senson 
20 Fig. 4 is a perspective view illustrating an 

example of focusing knob: 

Fig. 5 is a sectional view descriptive of stage 
positions In focused conditions of the Indlvldijal 
objective lenses; 
25. Rg. 6 is a flow chart illustrating operating 

sequence of the microscope according to the 
present invention; 

Fig. 7 through Fig. 9 are block diagrams 
illustrating Embodiments 2 through 4 of the micro- 
30 scope according to the present invention; and 

Rg. lOA.and Rg. 1 0B are sectional yiews 
descriptive of Embodiment 5 of the micrbscppe 
according to the present Invention, 

NOvy, the Embodiment of the rnicroscope ac- ; 
35 cording to the present invention will be described 
with reference to Fig. 1 through. Rg. 6. Figj. 1 
shows a block diagrarn of a control system appilied 
. to. a microscope equipped with a saimpie stag? . 
which is to be mpyed u p arid i down. I n this drawinig, 
40 the : reference nunneral 1 represents an input ime^^^^ 
foir ihputlirig 6bje<:tive lens datk i and: stagb; ppsitidni ' 
data:: This; input meahs comprises nurifiericai ; 
101 and a setting button 102 for data setting as 
•exemplified^ iby Fig. 2; ^Fhe reference^ n^ 
. 45. d<^iQnSt(§s a rhem yriorn^^ 
ted data which compnses : 
^tqnngrithe^ d (pig^-e). Tijie ^rel^ren 
de^hdtes a Hit^ 

represents a revolver position detecting sensor for 
50 detecting which objective lens is set In the ob- 
servation optical path, the reference numeral : 5 
designates a control circuit for processing signals^ 
emitted from the memory circuit and tiie revolver 
. posltipn detecting sensor, the reference humeral -6; 
denotes :. a motor for moving:, a : sam|ple stage^^^ 
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and down In accordance with signals mitted from 
the control circuit 6 through a motor driving circuit 
7, and the reference numeral 9 represents a known 
type focusing knob having engraved divisions 901 
and to be used for manually moving the sample 
stage 8 up and down. In the rotary revolver 3. 
attached or formed, for example, on or In the 
movable portion thereof are reflecting plates 310. 
311, 321. In shapes of coaxial arcs op slots 31 o',' 
311 , 312 , in shapes of coaxial arcs which are 
extending over the ranges corresponding to the 
rotating angles required for bringing objective len- 
ses 10. 11, 12. - respectively from the standard 
positions thereof into the optical path. When a 
plural number of reflection type sensors 401. 402. 
403, are used as the revolver position detecting 
sensor 4. a plural number of the arc-shaped reflect- 
ing plates 310. 311. 312. • are arranged at the 
positions corresponding to these sensors respec- 
tively or when a plural number of transmission type 
sensors 401 . 402 , 403 . - are used as the revolver 
position detecting sensor 4, a plural number of the 
arc-shaped slots 31 o', 31 1'. 312' are formed at the 
positions corresponding to the sensors respective- 
ly, thereby making the control circuit capable of 
detecting which objective lens is set in the optical 
path. 

Now, function of the Embodiment 1 will be 
explained below. 

First, description will be made on procedures 
for inputting data. The rotary revolver 3 Is generally 
equipped with four to six objective lenses which 
have focused positions different from one another 
due to not only focal lengths of the respective 
objective lenses but also working precision of the 
revolver. Fig. 5 schematically shows stage posi- 
tions 10 . 11 . 12. - N in focused conditions of 
objective lenses 10. 11, 12. n'. It is therefore 
necessary to record the stage positions corre- 
sponding to the focused conditions of the individual 
objecitive lenses as data specific thereto into the 
data table 201. Th0se data are to be inputted in the 
procedures described below. Now, let us assume 
that the objectiye lens 10 Is taken as standard: 
First, the sample stage 8 Is moved by turning the 
focusing knob 9 until the stage position W cor- 
resppnding to the objective lens 10 i . 
tlii^ case, mbvin distance of the sanif^le Mge 8 
can b0: r^ad bn a g^ 

calj data"6r must beinfj ii^ 1 
for^setting the position of the sample stage 8 as the 
origin. This data is inputted by depressing the 
bytton "0" out of the numerical keys iQI and thsri 
depressing the setting button 102. Upon depress- 
ir^g: the setting button 102, the revolver positlbri af; 
that time is recorded into the data table 201 of the 
memory circuit 2 together with the stage position 
in thi? case- Ihillc^ing the standard 
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position) under cooperating functions between the 
reflecting plates 311. 312, 313, and the sensors 

401, 402. 403, or cooperating functions between 
the slots 311 . 312 , 313. - and the sensors 401 

402, 403. Then, the objective lens 11 Is 
brought Into the optical path In place of the objec- 
tive lens 10 by rotating the revolver 3 In the direc- 
tion Indicated by the arrow in Fig. 3 and the sam- 
ple stage 8 is moved once again by turning the 
focusing knob 9 until the objective lens ll is 
brought into focus. In this case also, moving dis- 
tance of the sample stage 8 can be read on the 
graduated dial 901, and a numeral value represent- 
ing the moving distance is inputted by using the 
input means 1 and recorded as stage position data 
together with the revolver position data at this time 
into the data table 201 of the memory circuit 2 by 
depressing the setting button 102. Further, the 
similar procedures are repeated for each of the 
objective lens 12 and all the rest objective lenses 
attached to the revolver 3 for recording revolver 
position and stage position data at the. focussed 
condition into the data table 201 . 

Now operating procedures for the Embodiment 
1 will be described especially with reference to Fig: 
6. When a power source switch (not shown) ar- 
ranged, on the microscope is turned ON. the re- 
volver position corresponding to the objective lens 
m for example, which is set in the optical path is 
confirmed by the revolver position detecting seh^br 
4. The control circuit 5 reads out the stage position 
data corresponding to the conflmned revolver pbsl^ 
tlon (hereinafter referred to as data A) fromV th^ 
data table 201 of the memory circuit 2. If the data 
is inputted by the input means t and the setting ' 
button 102 is depressed at this step, the revolver ■ 
position at this tirne and the Inputted data are 
recorded into the data table 201 as described 
above. In contrast, when the revolver 3 is rotated 
without performing the above-described inpUlfng 
operations and the objective; lens -ilv for exa^^ 
is brought Into the obsen^ition optiij^l^jjaili^Jth^ 
new revolvel- position Is confirmed by the revolver 
position detecting sensor 4 and the control circuit 6 
reads out the stage position data corresponding: to 
the newly confirmed revolver position (hereinafter 
referred to as data B) from the data table 201 of 
the memory circuit 2. The control circuit 5 cal- 
culates a moving distance C for the stage on the 

_basis_of_the.data-A^and-the-data-Brand-outputs-the 

calculation result to the motor driving circuit 7 for 
correcting defocused condition by moving the sam- 
ple stage 8 for the distance C. Since the data A is 
held in the control circuit 5 in this condition, the 
current data A is replaced with the data B to set 
the control circuit 5 in a state ready for the next 
reyplyei; ix^ 

ing sequence to con-eel defocused condition caus- 
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ed by switching the objective lenses and by wear- 
king precision of the reevolver is completed in this 
way. Accordingly, the Embodim nt 1 of the present 
invention provides a microscope which requires no 
focusing operation after switching the objective len* 
ses fronn one to another in practice and can assure 
high operability. 

In addition, even when the height to be brought 
into good focus is varied by exchange of sannples, 
for example, it is sufficient to perform the focusing 
operation only for any one of the objective lenses 
attached to the rotary revolver since the Embodi* 
ment 1 is so adapted as to read out the differences 
in height of the sample stage for the Individual 
objective lenses and correct only the differences in 
height of the sample stage as described above. 

Rg. 2 is a blocic diagram of a control system 
used In the Embodiment 2 of the present invention. 
The EmlX)diment 2 uses the revolver position de- 
tecting system and the sample stage driving sys- 
tem which are the same as those In the Embodi- 
ment 1. but adopts a stage position detecting sen- 
sor 14 arranged at the location corresponding to 
the sample stage 8 for facilitating input of the 
objective lens data and the stage position data. 
Speaking concretely, the Embodiment 2 is de- 
signed as a type which eliminates the necessity to 
set standard value, or detects the stage positions 
corresponding to focused conditions of the objec- 
tive lenses in a form of absolute values. In this 
case, the stage positions can be detected by read- 
ing out the divisions on the graduated scale 901 or 
rotating angles of the focusing knob 9. As for data 
inputting procedures for the Embodiment 2, a sur- 
face of a sample placed on the stage 8 Is brought 
into focus with one of objective lenses attached to 
the revolver 3 set in tine- optical pmh and a setting 
switch 13 Is depressed for reading and storing the 
; objectlyis lens data at that time arid stage position 
data from thie stage detecting position sensor 14 
ihtb thei conirpj circuit 5 ahd tiie memory circuit 2 
respectively. Dafe rhput caih be completed by re- 
peating these procedures for all the objective len- 
ses that are attached to the rotary revolver. Func- 
tions of the Embodiment 2 are similar to those of 
the Embodiment i. SpeaW concretely, when the 
: olpjedjlye leh'ses^^a^^ one to another 

by TQtating tfiie irblary t©yolv#r 3. the stage position 
data; Vprovide^^^^^^ the stage position detecting 
sensor 14 and the stage position data for tiie newly 
selected objective lenS: stored in the membry cir-- 
cuit 2 are read into the control c for calcula- 

;;. -:tion, a rtiq^ rotation deig[ree Is -deternrilned pn^^^^ 
■ to the mptor 6 is driven - 

by the rhbtqr driviriQ circuit 7 arid the sample sfage 
is moved for correcting -defocused cpnditipn. The 
. Embodiment 2 which, is- equipped vyith the stage 
^ . I p^^^ sensbr 14 always permits cortfirfhlhg cur- 



rent stage position and correcting defocused con- 
dition, should the stage 8 be shocked and dis- 
placed upward or downward, thereby assuring 
operability more excellent than that of the Embodl- 

6 ment 1 . 

Fig. 8 shows a block diagram of a control 
system adopted for the Embodiment 3 of the 
present invention. The Embodiment 3 is so adapt- 
ed, like the Embodiment 2, as to permit detecting 

10 position of the sample stage 8. However, the Em- 
bodiment 3 performs the detection of the stage 
position by using an encoder 15 connected to the 
motor 6, in place of the stage position detecting 
sensor 14 adopted In the Embodiment 2, and is so 

75 adapted as to store output of the encoder 15 as the 
stage position data into the memory circuit 2. ac- 
cordingly, the Embodiment 3 has functions similar 
to those of the Embodiment 2. In the Embodiment 
3, the control circuit 5 always monitors the stage 

20 position data (encoder value) for the objective lens 
newly set into the observation optical path which is 
preliminarily stored in the memory circuit 2 and 
current stage position data fed back from the motor 
6 (encoder value), and the stage driving circuit 7 

25 drives the motor 6 so as to move the stage 8 for 
correcting defocused condition. 

Rg. 9 is a block diagram illustrating a control 
system selected for the Embodiment 4; of the 
present Invention. The Embodiment 4 is similar to- 

30 the Embodiment 3 in the principle of operation., 
functions, effect, etc., but so adapted as to perfornn 
the connection of defocused condition by moving: 
the rotary revolver 3 up arid down. : Unlike ' 
Embodiment 3 which performs the torrection Of; 

35 defocused condition by moving the sample stage 
up and down. As for the functions of the Enibocii- 
ment 4 for correcting defocused condition, the re^^ 
volyer poisitipri detecting; sensor 4 d^ 
position of the : re\«blver, j^ei, datia on th^ 

40 lens niewly set in the pb^5ervatibn optical path £^ 
current height of the revolver 3, the cont^^ 
connpares the height with the revolver height data 
for the objective lens newly set in the observation 
optical path which is stored In the; memory circuit 2; 

45 and deternnines vertical : mpying distarice; f^ 
. revplyer, and the motor ;driV^ 
motor 7 -to move the revd^ 
inglyi the Embodiment 4 Is a mlcroscpp^^^ 
requires no focusing operatipri after r<^ 

50 reyblv^r and has high operability. 

Fig. 1 0 illustrates : an ■ bbjeetiy© lens; system • 
used i n the Entbpdiment ; 5;; of the;: present i^^^ 
Urili ke the Ehfibcrijime^^ I;, ^bi^-^ : iJei^brib 
abbyei the Embbidij^fei^^ .5; i^: oe^quip^ 

55 the objective lenses; M^ched^ :t6 the- rot^ 
3, with: a defocus correcting: mecha^^^^ 
, :i^sed for pprredihg del^ 
olii' Gtiv| . lens: at -the ; :?tago^]^^^ 



EP 0 388 812 A2 



lens to the revolver 3 or the preparatory stage for 
-c^scopy. The objecfVe .ens'systemt'co^" 
posed of a first lens component 16 for allowina 
mcdence of light from a sample, a Zond Zl 
component 17 for forming the image 176^ 7- « 

for adjusting .mag.ng point back and forth. V\^en 
the focusmg lens component 18 is displaceTto- 

m Z T - 
lOA, tfie imaging point becomes away from the ,„ 

second lens component 17, and when mefZTa 

ens component 18 is moved toward Yhe rcond' 

ens. component 17 as shown in Rg. lOB me 

"^g.ng point is shifted toward the second lens 

Srra'L'hL'^"''^'"^ "^'^^ - 
wren such a mechanism as to move the focusinn 

tens^component as described above Tnd S 

narliy correctmg defocused condition of the obS- 

tive lens, it is possible to obtain a mlrm«J31 

SS«no '"^^ Observation magnification levels by 
Tl^^ .? ^ hiflh operability 

thereby allowing microscopists to be devoted 2- 
clusively to microscopy. "evoiea ex- 



claims 



1. A microscope equipped wfth a plural number 
of objective lenses switchable from one ano^= 
Characterised in that said mfcrXri eqSd " 

lor each of said objective lenses and a con-ectino 
means functioning for correcting irnaing^d^ 
Jons on the basis of the parfocaiity data fo7^e as 
obiective lens currently used and the^bjective le^S 
to be selected for microscopy. J^^ve lens 

A microscope according to a^^^ 

of ^LIZ r °' said plural number ^ 

of objective lenses, a revolver position detecting 
."^s coMng. v/ith :^d^^^ , : 

^P'-S^l^; stage for sustairi^^^^ 

^^nwn. means cc^mprises^ 
^^^le^of^putting .tags :p^^^^^ 
circuit, a memory circuit serving for sfbrlhd sairt 
parfocaiity data, and a revolver positi<S^,ecif 

^eans connepted.tb,sidxc^ ^ 

;pr,ng,to.detect ,p^ticm^ 

ccin^cbnaip^ 
.:gg|0(«rprdW»it.^a^^^^^^^^^ 

capable of moving seidvste^^ v"°^r 
. : 3. A microscope ^drciing to G^^^ 

Jg||reypjer s^^ 
.of?|ectiye.Jer,ses...:a:..re>^l«^t:p^ 



means cooperating with said rotary revolver for 
detecting which of the objective leni is cui^inJy 
used, a stage for sustaining a sample to be ob 
sensed through, the objective iens currently 'used 

^JitL f -"^"s for detecting 

position of said stage, said memory means com- 
pnses a setting switch, a memory circrje^ro 
for Storing said parfocaiity data, a LoS'pS 

said rSn,'^''"f '^'""^ '^^'^ portion of 
said rotary revolver and a stage position detecting 
means connected to said control c.-rtaiit and func- 
*on,ng to detect posiUon of said stage, id sid 
correcting means comprises said memorv rn J^c 
said control cl«»,it. a motor driling St. a 
motor capable of moving said stage 
flrt«ij!l "ifcroscope according to Claim 1 cKar- 
acterteed In that said microscope further compriM^ 

of objective lenses, a revolver position detecting 

d^ecting which of the objective lenses is cur^LT 
s^t. sustaining a sample to be^- 

sen,^ through the objective lens currenOy uZ 
and a motor capable of moving said stage 
^ "^-emory means comprises a seWng swteh a' c^^ 

Zss ;r"7 -in^for sS„g 

parrocaiity data and a revolver posiHon detecfinn 
me^^^ponnectedtosaid 
fo detecting position of said rotanr revolver 

^^^t^^' <=''«'it. a motor driving I-cuit 

acti^-|r'Zr°^ according to Glaim 1 char- 
a "'^^fd '^ic^oscope further Comprises 

a^rotery^volver for sustaining said pluralij^umb^ 
orj^cbve lenses, a revolver posiLS^^;: ^ . ^ 
means cooperating with the rotary revolver^fi^l - 

used and a motor capable of moving said rotary 

cii^-t serving for storing said parfocalin. Z 2 

IJTT/ f"^"'"" "'eans connected to 

sad comrol circuit and serving to detect position of 
rotary revolver, and said correcting means 
convrlses said memory means.sai^hti^t;ii# f - 
^aid^ motor, arid ^ rnotor drtvlns: cirtif 
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FIG. 2 
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FIG. 7 
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